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REMEDIATION OF SUBTERRANEAN 
FORMATIONS USING VIBRATIONAL WAVES AND 

CONSOLIDATING AGENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 10/863,706 ?led Jun. 8, 2005, Which is 
a continuation-in-part of US. application Ser. 10/601,407 
?led Jun. 23, 2003, the entire disclosures of Which are 
incorporated herein by reference. 

BACKGROUND 

[0002] The present invention relates to methods for treat 
ing a subterranean formation. More particularly, the present 
invention relates to the use of vibrational Waves in combi 
nation With a consolidating agent in remedial treatments of 
a subterranean formation. 

[0003] In a typical subterranean Well, damage to the 
surrounding formation can impede ?uid ?oW and may cause 
production levels to drop. While many damage mechanisms 
plague Wells, one of the most pervasive problems is ?nes 
clogging formation pores that usually alloW hydrocarbon 
?oW. As used herein, the term “?nes” refers to loose par 
ticles, such as formation ?nes, formation sand, clay particu 
lates, coal ?nes, resin particulates, crushed proppant or 
gravel particulates, and the like. These ?nes can also 
obstruct ?uid ?oW pathways in screens; preslotted, pre 
drilled, or cemented and perforated liners; and gravel packs 
that may line a Well. Fines may even restrict ?uid ?oW in 
openhole Wells. For example, in situ ?nes mobiliZed during 
production can lodge themselves in formation pores, preslot 
ted liners, screens, and gravel packs, preventing or reducing 
?uid ?oW there through. 

[0004] Well-stimulation techniques have been developed 
to at least mitigate the problems caused by ?nes. One such 
technique is matrix acidiZing. In matrix acidiZing, pumps 
may inject thousands of gallons of acid into the Well to 
dissolve aWay precipitates, ?nes, or scale on the inside of 
tubulars, in the pores of a screen or gravel pack, or inside the 
formation. Any tool, screen, liner, or casing that comes into 
contact With the acid should be protected from its corrosive 
effects. A corrosion inhibitor generally is used to prevent 
tubulars from corrosion. Also, the acid must be removed 
from the Well. Often, the Well must also be ?ushed With pre 
and post-acid solutions. Aside from the di?iculties of deter 
mining the proper chemical composition for these ?uids and 
pumping them doWn the Well, the environmental costs of 
matrix acidiZing can render the process undesirable. Addi 
tionally, maxtrix acidiZing treatments generally only provide 
a temporary solution to these problems. Screens, preslotted 
liners, and gravel packs may also be ?ushed With a brine 
solution to remove solid particles. While this brine treatment 
is cheap and relatively easy to complete, it offers only a 
temporary and localiZed respite from the plugging ?nes. 
Moreover, frequent ?ushing can damage the formation and 
further decrease production. 

[0005] Acoustic stimulation is another technique that has 
been developed as an alternative to address these problems. 
In acoustic stimulation used for near-borehole cleaning, 
vibrational Waves transfer vibrational energy to the ?nes 
clogging formation pores. In some instances, these vibra 
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tional Waves may be generated using a pulsonic device, such 
as a ?uidic oscillator. The ensuing vibration of the ?nes 
displace them from the pores, thereby alloWing increased 
?uid ?oW there through. Fluid ?oW, including production 
?uid ?oW out of the formation or injection-?uid ?oW into the 
formation from the Well, may cause the particles to migrate 
out of the pores, clearing the Way for greater ?uid ?oW. 
Acoustic stimulation may also be used to clean preslotted 
liners, screens, and gravel packs. 

SUMMARY 

[0006] The present invention relates to methods for treat 
ing a subterranean formation. More particularly, the present 
invention relates to the use of vibrational Waves in combi 
nation With a consolidating agent in remedial treatments of 
a subterranean formation. 

[0007] An embodiment of the present invention provides 
a method comprising: directing vibrational Waves at a por 
tion of a subterranean formation containing ?nes; alloWing 
the vibrational Waves to displace at least a portion of the 
?nes; and introducing a consolidating agent into the portion 
of the subterranean formation through a Well bore that 
penetrates the portion of the subterranean formation. 

[0008] Another embodiment of the present invention pro 
vides a method of remediating a subterranean particulate 
pack comprising: directing vibrational Waves at the particu 
late pack, the particulate pack containing ?nes; alloWing the 
vibrational Waves to displace at least a portion of the ?nes; 
and introducing a consolidating agent into the Well bore so 
as to contact the particulate pack. 

[0009] Yet another embodiment of the present invention 
provides a method of remediating a subterranean formation: 
generating vibrational Waves in a consolidating agent by 
?oWing the consolidating agent through a ?uidic oscillator 
located in a Well bore that penetrates the subterranean 
formation; introducing the consolidating agent into a portion 
of the subterranean formation containing ?nes; and alloWing 
the vibrational Waves in the consolidating agent to displace 
at least a portion of the ?nes so as to increase ?uid ?oW 
through the portion of the subterranean formation. 

[0010] The features and advantages of the present inven 
tion Will be apparent to those skilled in the art. While 
numerous changes may be made by those skilled in the art, 
such changes are Within the spirit of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] These draWings illustrate certain aspects of some of 
the embodiments of the present invention and should not be 
used to limit or de?ne the invention. 

[0012] FIG. 1 illustrates a cross-sectional top vieW of a 
subterranean formation containing a proppant pack being 
treated in accordance With one embodiment of the present 
invention. 

[0013] FIG. 2 illustrates a cross-sectional top vieW of a 
subterranean formation containing a gravel pack being 
treated in accordance With one embodiment of the present 
invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0014] The present invention relates to methods for treat 
ing a subterranean formation. More particularly, the present 
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invention relates to the use of vibrational Waves in combi 
nation With a consolidating agent in remedial treatments of 
a subterranean formation. 

I. EXAMPLE METHODS OF THE PRESENT 
INVENTION 

[0015] The present invention provides methods of reme 
diating a subterranean formation. An example of such a 
method comprises directing vibrational Waves at a portion of 
the subterranean formation containing ?nes; alloWing the 
vibrational Waves to displace at a least a portion of the ?nes; 
and introducing a consolidating agent into the portion of the 
subterranean formation through a Well bore that penetrates 
the portion of the portion of the subterranean formation. The 
methods of the present invention are suitable for use in 
production and injection Wells. 
[0016] According to the methods of the present invention, 
vibrational Waves are directed at a portion of a subterranean 
formation so as to displace at least at least a portion of the 
?nes located therein. In some embodiments, the portion of 
the subterranean formation may comprise a particulate pack 
(e.g., a proppant pack, a gravel pack, etc.); a preslotted, 
predrilled, or cemented and perforated liner; a sand control 
screen; and combinations thereof. These ?nes located Within 
the portion of the subterranean formation may impede the 
?oW of ?uids through pores and/or ?uid ?oW pathWays in 
the subterranean formation. Generally, the vibrational 
energy should displace the ?nes so as to increase the ?oW of 
?uids through the portion of the subterranean formation. 

[0017] The methods of the present invention also include 
the introduction of a consolidating agent into the portion of 
the subterranean formation. As used herein, the term “con 
solidating agent” refers to a composition that enhances the 
grain-to-grain (or grain-to-formation) contact betWeen par 
ticulates (e.g., proppant particulates, gravel particulates, 
formation ?nes, coal ?nes, etc.) Within a portion of the 
subterranean formation so that the particulates are stabiliZed, 
locked in place, or at least partially immobiliZed such that 
they are resistant to ?oWing With ?uids. When placed into 
the subterranean formation, the consolidating agent should 
inhibit the ?nes that have been displaced by the vibrational 
Waves from migrating With subsequently produced or 
injected ?uids. In some embodiments, the consolidating 
agent may also carry these ?nes aWay from the Well bore 
during the introduction of the consolidating agent into the 
portion. In some embodiments, the consolidating agent may 
be introduced into the portion of the subterranean formation 
during, or after, the direction of the vibrational Waves at the 
portion of the subterranean formation. In some embodi 
ments, the vibrational Waves may be transferred to the 
portion of the subterranean formation through the consoli 
dating agent. For example, the vibrational Waves may be 
generated in the consolidating agent. 
[0018] Referring noW to FIG. 1, Well bore 100 is shoWn 
that penetrates subterranean formation 102. Casing 104 may 
be located in Well bore 100, as shoWn in FIG. 1 or, in some 
embodiments, Well bore 100 may be openhole. In some 
embodiments, casing 104 may extend from the ground 
surface (not shoWn) into Well bore 100. In some embodi 
ments, casing 104 may be connected to the ground surface 
(not shoWn) by intervening casing (not shoWn), such as 
surface casing and conductor pipe. Casing 104 may or may 
not be cemented to subterranean formation With cement 
sheath 106. 

Jun. 22, 2006 

[0019] Well bore 100 contains perforations 108 in com 
munication With subterranean formation 102. Perforations 
108 extend from Well bore 100 into the portion of subter 
ranean formation 102 adjacent thereto. In the cased embodi 
ments, as shoWn in FIG. 1, perforations 108 extend from 
Well bore 100, through casing 104, and cement sheath 106 
(if any), and into subterranean formation 102. Fracture 110 
extends from perforations 108 into subterranean formation 
102. Proppant pack 112 is shoWn located in fracture 110. 
Proppant pack 112 comprises proppant particulates that have 
been packed in fracture 110. Fines (not shoWn) are disposed 
Within the interstitial spaces of the proppant particulates 
forming proppant pack 112. These ?nes reduce the ?oW of 
?uids through proppant pack 112 to Well bore 100 by 
plugging ?uid ?oW pathWays in proppant pack 112. 

[0020] In accordance With one embodiment of the present 
invention, vibrational Waves may be directed at proppant 
pack 112 from Well bore 100 in the direction along arroW 
114. While FIG. 1 depicts the vibrational Waves being 
directed at proppant pack 112, it should be understood that 
the vibrational Waves may be directed at additional portions 
(e.g., sequentially and/or simultaneously) of subterranean 
formation 102. In some embodiments, vibrational Waves 
may be directed at the entire circumference of Well bore 100. 
The vibrational Waves should cause the ?nes disposed in the 
interstitial spaces of proppant pack 112 to vibrate. This 
vibration should cause at least a portion of ?nes to displace 
from the positions that are plugging ?uid ?oW pathWays in 
proppant pack 112. The consolidating agent may be intro 
duced into proppant pack 112 through Well bore 100. Suf 
?cient consolidating agent should be used so that consoli 
dating agent ?oWs from Well bore 100 into proppant pack 
112 and then into subterranean formation 102. The consoli 
dating agent should inhibit the displaced ?nes from migrat 
ing With subsequently produced or injected ?uids. In some 
embodiments, the consolidating agent may also carry the 
displaced ?nes aWay from Well bore 100 during the intro 
duction of the consolidating agent into proppant pack 112. 

[0021] Referring noW to FIG. 2, Well bore 200 is shoWn 
that penetrates subterranean formation 202. Sand control 
screen 204 is shoWn located in Well bore 200. Annulus 206 
is formed betWeen sand control screen 204 and the interior 
Wall of Well bore 200. Even though FIG. 2 depicts a sand 
control screen, the methods of the present invention may be 
used With a variety of suitable sand control equipment, 
including screens, liners (e.g., slotted liners, perforated 
liners, etc.), combinations of screens and liners, and any 
other suitable apparatus. Sand control screen 204 may be a 
Wire-Wrapped or expandable screen or any other suitable 
sand control screen. Gravel pack 208 is shoWn located in 
Well bore 200. Gravel pack 208 comprises gravel particu 
lates that have been packed in annulus 206 betWeen sand 
control screen 204 and the interior Wall of Well bore 200. 

[0022] In accordance With one embodiment of the present 
invention, vibrational Waves may be directed at gravel pack 
208 from Well bore 200 in the direction along arroW 210. 
While FIG. 2 depicts gravel pack 208 in an open hole Well 
bore, gravel packs also may be contained in a cased Well 
bore. While FIG. 2 depicts the vibrational Waves being 
directed at one location of gravel pack 208, it should be 
understood that the vibrational Waves may be directed at one 
or more portions (e.g., sequentially or simultaneously) of 
gravel pack 208. In some embodiments, vibrational Waves 
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may be directed at the entire circumference of gravel pack 
208. This vibration should cause at least a portion of ?nes to 
displace from the position that is plugging ?uid ?oW path 
Ways in gravel pack 208. The consolidating agent may be 
introduced into gravel pack 208 through Well bore 200. 
Su?icient consolidating agent should be used so that con 
solidating agent ?oWs from Well bore 200 into gravel pack 
208 and then into subterranean formation 202. The consoli 
dating agent should inhibit the displaced ?nes from migrat 
ing With subsequently produced or injected ?uids. In some 
embodiments, the consolidating agent may also carry the 
displaced ?nes aWay from Well bore 200 during the intro 
duction of the consolidating agent into gravel pack 208. 

II. Vibrational Waves 

[0023] Any suitable apparatus and/or methodology for 
directing vibrational Waves at a portion of the subterranean 
formation may be suitable for use in the methods of the 
present invention. Generally, the vibrational Waves should 
be su?icient to provide the desired displacement of ?nes 
Without fracturing the portion of the subterranean formation. 
Suitable methods for directing vibrational Waves include the 
use of acoustic stimulation tools and by applying a pressure 
pulse to a ?uid introduced into the portion of the subterra 
nean formation. In mo st embodiments, the vibrational Waves 
are transferred to the portion of the subterranean formation 
through a ?uid in the Well bore. In some embodiments, the 
?uid may be the consolidating agent. 

[0024] Acoustic stimulation tools generally involve a 
source of vibrational Waves that transfer vibrational energy 
to the portion of the subterranean formation. The source of 
vibrational Waves may be employed at the surface or in the 
Well bore. Examples vibrational Wave sources, include, but 
are not limited to, pistons, tuning forks, cantilever bars, 
Wobble plates, oval-mode acoustic Wave sources, and com 
binations thereof. An example of a suitable acoustic stimu 
lation tool is described in US. Patent Application PG 
Publication No. 2005/0214147, the entire disclosure of 
Which is incorporated herein by reference. 

[0025] “Pressure pulsing,” as used herein, refers to the 
application of periodic increases, or “pulses” in the pressure 
of a ?uid introduced into the formation so as to deliberately 
vary ?uid pressure applied to the formation. Pressure puls 
ing generally generates a vibrational (e.g., a pressure) Wave 
in a ?uid as it is being introduced into the formation. The 
step of applying the pressure pulse may be performed at the 
surface or in the Well bore. The pressure pulse may be 
applied to the consolidating agent or to a separate ?uid 
introduced into the Well bore. In some embodiments, the 
frequency of the pressure pulses applied to the ?uid may be 
in the range of from about 0.001 HZ to about 1 HZ. In some 
embodiments, the pressure pulse applied to the ?uid may 
generate a pressure pulse in the portion of the subterranean 
formation in the range of from about 10 psi to about 3,000 
psi 

[0026] In addition to generating vibrational Waves that act 
to displace ?nes, the pressure pulse also affects the dilatancy 
of the pores Within the formation, among other things, to 
provide additional energy that may help overcome the 
effects of surface tension and capillary pressure Within the 
formation. As the vibrational Wave passes through the for 
mation and is re?ected back, it induces dilation in the 
porosity of the formation. By overcoming such effects, the 
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?uid may be able to penetrate more deeply and uniformly 
into the formation. The pressure pulse should be su?icient to 
effect some degree of pore dilation Within the formation, but 
should be less than the fracture pressure of the formation. 
Generally, the use of high frequency, loW amplitude pres sure 
pulses Will focus energy primarily in the near Well bore 
region, While loW frequency, high amplitude pressure pulses 
may be used to achieve deeper penetration. 

[0027] In some embodiments, the pressure pulse may be 
generated by ?oWing the ?uid through a pulsonic device, 
such as a ?uidic oscillator. For example, the ?uidic oscillator 
may be conveyed into the Well bore on tubing. Once the 
?uidic oscillator has been placed at the desired location in 
the Well bore, the ?uid (e. g., the consolidation ?uid) may be 
?oWed through the ?uidic oscillator to generate the desired 
pressure pulsing in the ?uid. Examples of suitable ?uidic 
oscillators are provided in US. Pat. Nos. 5,135,051; 5,165, 
438; and 5,893,383, the entire disclosures of Which are 
incorporated herein by reference and in US. Patent Publi 
cation No. PG 2004/0256099, the entire disclosure of Which 
is incorporated herein by reference. 

III. Example Consolidating Agents 

[0028] Suitable consolidating agents may comprise non 
aqueous tackifying agents, aqueous tackifying agents, res 
ins, gelable compositions, and combinations thereof. As 
used in the present invention, the term “tacky,” in all of its 
forms, generally refers to a substance having a nature such 
that it is (or may be activated to become) somewhat sticky 
to the touch. In some embodiments, the consolidation agent 
may have a viscosity at surface temperatures in the range of 
from about 1 centipoise (“cP”) to about 100 cP. In some 
embodiments, the consolidation agent may have a viscosity 
in the range of from about 1 cP to 50 cP. In some embodi 
ments, the consolidation agent may have a viscosity in the 
range of from about 1 cP about 10 cP. In some embodiments, 
the consolidation agent may have a viscosity in the range of 
from about 1 cP about 5 cP. For the purposes of this 
disclosure, viscosities are measured at room temperature 
using a Brook?eld DV II+ Viscometer With a #1 spindle at 
100 rpm. The viscosity of the consolidating agent should be 
su?icient to have the desired penetration into the subterra 
nean formation and coating onto the displaced ?nes based on 
a number of factors, including the pumpability of the for 
mation and the desired depth of penetration. 

[0029] A. Non-Aqueous Tackifying Agents 

[0030] In some embodiments, the consolidation agents 
may comprise a non-aqueous tackifying agent. Non-aqueous 
tackifying agents suitable for use in the consolidating agents 
of the present invention comprise any compound that, When 
in liquid form or in a solvent solution, Will form a non 
hardening coating upon a particulate. A particularly pre 
ferred group of non-aqueous tackifying agents comprise 
polyamides that are liquids or in solution at the temperature 
of the subterranean formation such that they are, by them 
selves, non-hardening When introduced into the subterra 
nean formation. A particularly preferred product is a con 
densation reaction product comprised of commercially 
available polyacids and a polyamine. Such commercial 
products include compounds such as mixtures of C36 dibasic 
acids containing some trimer and higher oligomers and also 
small amounts of monomer acids that are reacted With 
polyamines. Other polyacids include trimer acids, synthetic 
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acids produced from fatty acids, maleic anhydride, acrylic 
acid, and the like. Such acid compounds are commercially 
available from companies such as Witco Corporation, Union 
Camp, Chemtall, and Emery Industries. The reaction prod 
ucts are available from, for example, Champion Technolo 
gies, Inc. and Witco Corporation. Additional compounds 
Which may be used as tackifying compounds include liquids 
and solutions of, for example, polyesters, polycarbonates 
and polycarbamates, natural resins such as shellac and the 
like. Combinations of suitable tackifying agents also may be 
suitable. Other suitable tackifying agents are described in 
US. Pat. Nos. 5,853,048 and 5,833,000, the disclosures of 
Which are incorporated herein by reference. 

[0031] Non-aqueous tackifying agents suitable for use in 
the present invention may be either used such that they form 
non-hardening coating or they may be combined With a 
multifunctional material capable of reacting With the tacki 
fying compound to form a hardened coating. A “hardened 
coating” as used herein means that the reaction of the 
tackifying compound With the multifunctional material Will 
result in a substantially non-?oWable reaction product that 
exhibits a higher compressive strength in a consolidated 
agglomerate than the tackifying compound alone With the 
particulates. In this instance, the tackifying agent may 
function similarly to a hardenable resin. Multifunctional 
materials suitable for use in the present invention include, 
but are not limited to, aldehydes such as formaldehyde, 
dialdehydes such as glutaraldehyde, hemiacetals or aldehyde 
releasing compounds, diacid halides, dihalides such as 
dichlorides and dibromides, polyacid anhydrides such as 
citric acid, epoxides, furfuraldehyde, glutaraldehyde or alde 
hyde condensates and the like, and combinations thereof. In 
some embodiments of the present invention, the multifunc 
tional material may be mixed With the tackifying compound 
in an amount of from about 0.01 percent to about 50 percent 
by Weight of the tackifying compound to effect formation of 
the reaction product. In some preferable embodiments, the 
compound is present in an amount of from about 0.5 percent 
to about 1 percent by Weight of the tackifying compound. 
Suitable multifunctional materials are described in US. Pat. 
No. 5,839,510, the disclosure of Which is incorporated 
herein by reference. 

[0032] In some embodiments, the consolidating agent may 
comprise a non-aqueous tackifying agent and a solvent. 
Solvents suitable for use With the non-aqueous tackifying 
agents of the present invention include any solvent that is 
compatible With the non-aqueous tackifying agent and 
achieves the desired viscosity effect. The solvents that can 
be used in the present invention preferably include those 
having high ?ash points (most preferably above about 1250 
E). Examples of solvents suitable for use in the present 
invention include, but are not limited to, butylglycidyl ether, 
dipropylene glycol methyl ether, butyl bottom alcohol, 
dipropylene glycol dimethyl ether, diethyleneglycol methyl 
ether, ethyleneglycol butyl ether, methanol, butyl alcohol, 
isopropyl alcohol, diethyleneglycol butyl ether, propylene 
carbonate, d’limonene, 2-butoxy ethanol, butyl acetate, fur 
furyl acetate, butyl lactate, dimethyl sulfoxide, dimethyl 
formamide, fatty acid methyl esters, and combinations 
thereof. It is Within the ability of one skilled in the art, With 
the bene?t of this disclosure, to determine Whether a solvent 
is needed to achieve a viscosity suitable to the subterranean 
conditions and, if so, hoW much. 
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[0033] B. Aqueous Tackifying Agents 

[0034] In some embodiment, the consolidation agent may 
comprise an aqueous tackifying agent. As used herein, the 
term “aqueous tackifying agent” refers to a tackifying agent 
that is soluble in Water. Where an aqueous tackifying agent 
is used, the consolidation agent generally further comprises 
an aqueous liquid. 

[0035] Suitable aqueous tackifying agents of the present 
invention generally comprise charged polymers that, When 
in an aqueous solvent or solution, Will form a non-hardening 
coating (by itself or With an activator) and, When placed on 
a particulate, Will increase the continuous critical resuspen 
sion velocity of the particulate When contacted by a stream 
of Water. The aqueous tackifying agent enhances the grain 
to-grain contact betWeen the individual particulates Within 
the formation (e.g., proppant particulates, gravel particu 
lates, formation particulates, or other particulates), and may 
help bring about the consolidation of the particulates into a 
cohesive, ?exible, and permeable mass. Some suitable aque 
ous tackifying agents are described beloW, but additional 
detail on suitable materials can be found in US. patent 
application Ser. Nos. 10/864,061 and 10/864,618, the dis 
closures of Which are incorporated herein by reference. 

[0036] Examples of aqueous tackifying agents suitable for 
use in the present invention include, but are not limited to, 
acrylic acid polymers, acrylic acid ester polymers, acrylic 
acid derivative polymers, acrylic acid homopolymers, 
acrylic acid ester homopolymers (such as poly(methyl acry 
late), poly (butyl acrylate), and poly(2-ethylhexyl acrylate)), 
acrylic acid ester co-polymers, methacrylic acid derivative 
polymers, methacrylic acid homopolymers, methacrylic acid 
ester homopolymers (such as poly(methyl methacrylate), 
poly(butyl methacrylate), and poly(2-ethylhexyl methacry 
ate)), acrylamido-methyl-propane sulfonate polymers, acry 
lamido-methyl-propane sulfonate derivative polymers, acry 
lamido-methyl-propane sulfonate co-polymers, and acrylic 
acid/acrylamido-methyl-propane sulfonate co-polymers and 
combinations thereof. In particular embodiments, the aque 
ous tackifying agent comprises a polyacrylate ester available 
from Halliburton Energy Services, Inc., of Duncan, Okla. 
Additional information on suitable materials may be found 
in US. patent application Ser. Nos. 10/864,061 and 10/864, 
618, the disclosures of Which are incorporated herein by 
reference. In some embodiments, the aqueous tackifying 
agent is included in the consolidating agent in an amount of 
from about 0.1% to about 40% by Weight of the consoli 
dating agent. In some embodiments the aqueous tackifying 
agent is included in the consolidating agent in an amount of 
from about 2% to about 30% by Weight of the consolidating 
agent. 

[0037] In some embodiments, the aqueous tackifying 
agent may be substantially tacky until activated (e. g., desta 
biliZed, coalesced, and/or reacted) to transform the agent 
into a sticky, tackifying compound at a desired term. In 
certain embodiments, the consolidating agents of the present 
invention further may comprise an activator to activate (i.e., 
tackify) the aqueous tackifying agent. Suitable activators 
include organic acids, anhydrides of organic acids that are 
capable of hydrolyZing in Water to create organic acids, 
inorganic acids, inorganic salt solutions (e.g., brines), 
charged surfactants, charged polymers, and combinations 
thereof. HoWever, any substance that is capable of making 
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the aqueous tackifying agent insoluble in an aqueous solu 
tion may be used as an activator in accordance With the 
teachings of the present invention. The choice of an activator 
may vary, depending on, inter alia, the choice of aqueous 
tackifying agent. In certain embodiments, the concentration 
of salts present in the formation Water itself may be suf?cient 
to activate the aqueous tackifying agent. In such an embodi 
ment it may not be necessary include an activator in the 
consolidating agent. 

[0038] Examples of suitable organic acids that may be 
used as an activator include acetic acid, formic acid, and the 
like, and combinations thereof. In some embodiments, the 
activator may comprise a mixture of acetic and acetic 
anhydrides. Where an organic acid is used, in certain 
embodiments, the activation process may be analogous to 
coagulation. For example, many natural rubber latexes may 
be coagulated With acetic or formic acid during the manu 
facturing process. 

[0039] Suitable inorganic salts that may be included in the 
inorganic salts solutions that may be used as an activator 
may comprise sodium chloride, potassium chloride, calcium 
chloride, or mixtures thereof. 

[0040] Generally, Where used, the activator may be present 
in an amount sufficient to provide the desired activation of 
the aqueous tackifying agent. In some embodiments, the 
activator may be present in the consolidating agents of the 
present invention in an amount in the range of from about 
1% to about 40% by Weight of the consolidating agent. 
HoWever, in some embodiments, for example Where an 
inorganic salt solution is used, the activator may be present 
in greater amounts. The amount of activator present in the 
aqueous tackifying agent may depend on, inter alia, the 
amount of aqueous tackifying agent present and/or the 
desired rate of reaction. Additional information on suitable 
materials may be found in US. patent application Ser. Nos. 
10/864,061 and 10/864,618, the disclosures of Which are 
incorporated herein by reference. 

[0041] Generally, Where an aqueous tackifying agent is 
used, the consolidating agent further comprises an aqueous 
liquid. The aqueous liquid present in the consolidating agent 
may be freshWater, saltWater, seaWater, or brine, provided 
the salinity of the Water source does not undesirably activate 
the aqueous tackifying agents used in the present invention. 
In some embodiments, the aqueous liquid may be present in 
an amount in the range of from about 0.1% to about 98% by 
Weight of the consolidating agent. 

[0042] In some embodiments, the consolidating agent 
further may comprise a surfactant. Where used, the surfac 
tant may facilitate the coating of an aqueous tackifying agent 
onto particulates (e.g., ?nes), such as those in a subterranean 
formation being treated. Typically, the aqueous tackifying 
agents of the present invention preferentially attach to 
particulates having an opposite charge. For instance, an 
aqueous tackifying agent having a negative charge should 
preferentially attach to surfaces having a positive to neutral 
Zeta potential and/or a hydrophobic surface. Similarly, posi 
tively-charged aqueous tackifying agent should preferen 
tially attach to negative to neutral Zeta potential and/or a 
hydrophilic surfaces. Therefore, in some embodiments of 
the present invention, a cationic surfactant may be included 
in the consolidating agent to facilitate the application of the 
negatively-charged aqueous tackifying agent to a particulate 
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having a negative Zeta potential. As Will be understood by 
one skilled in the art, amphoteric and ZWitterionic surfac 
tants and combinations thereof may also be used so long as 
the conditions they are exposed to during use are such that 
they display the desired charge. For example, in some 
embodiments, mixtures of cationic and amphoteric surfac 
tants may be used. Any surfactant compatible With the 
aqueous tackifying agent may be used in the present inven 
tion. Such surfactants include, but are not limited to, ethoxy 
lated nonyl phenol phosphate esters, mixtures of one or more 
cationic surfactants, one or more non-ionic surfactants, and 
an alkyl phosphonate surfactant. Suitable mixtures of one or 
more cationic and nonionic surfactants are described in US. 
Pat. No. 6,311,773, the disclosure of Which is incorporated 
herein by reference. In some embodiments, a Cl2-C22 alkyl 
phosphonate surfactant may be used. In some embodiments, 
the surfactant may be present in the consolidating agent in 
an amount in the range of from about 0.1% to about 15% by 
Weight of the consolidating agent. In some embodiments, the 
surfactant may be present in an amount of from about 1% to 
about 5% by Weight of the consolidating agent. 

[0043] In some embodiments, Where an aqueous tackify 
ing agent is used, the consolidating agent further may 
comprise a solvent. Such a solvent may be used, among 
other things, to reduce the viscosity of the consolidating 
agent Where desired. In embodiments using a solvent, it is 
Within the ability of one skilled in the art, With the bene?t of 
this disclosure, to determine hoW much solvent is needed to 
achieve a viscosity suitable to the subterranean conditions. 
Any solvent that is compatible With the aqueous tackifying 
agent and achieves the desired viscosity effects is suitable 
for use in the present invention. The solvents that can be 
used in the present invention preferably include those having 
high ?ash points (most preferably above about 1250 F.). 
Examples of some solvents suitable for use in the present 
invention include, but are not limited to, Water, butylglycidyl 
ether, dipropylene glycol methyl ether, butyl bottom alcohol, 
dipropylene glycol dimethyl ether, diethyleneglycol methyl 
ether, ethyleneglycol butyl ether, diethyleneglycol butyl 
ether, propylene carbonate, butyl lactate, dimethyl sulfoxide, 
dimethyl formamide, fatty acid methyl esters, and combi 
nations thereof. 

[0044] C. Curable Resins 

[0045] In some embodiment, the consolidating agent may 
comprise a resin. “Resin,” as used herein, refers to any of 
numerous physically similar polymerized synthetics or 
chemically modi?ed natural resins including thermoplastic 
materials and thermosetting materials. 

[0046] Suitable resins include both curable and non-cur 
able resins. Curable resins suitable for use in the consoli 
dating agents of the present invention include any resin 
capable of forming a hardened, consolidated mass. Whether 
a particular resin is curable or non-curable depends on a 
number of factors, including molecular Weight, temperature, 
resin chemistry, and a variety of other factors knoWn to those 
of ordinary skill in the art. 

[0047] Suitable resins include, but are not limited to, tWo 
component epoxy based resins, novolak resins, polyepoxide 
resins, phenol-aldehyde resins, urea-aldehyde resins, ure 
thane resins, phenolic resins, furan resins, furan/furfuryl 
alcohol resins, phenolic/latex resins, phenol formaldehyde 
resins, polyester resins and hybrids and copolymers thereof, 
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polyurethane resins and hybrids and copolymers thereof, 
acrylate resins, and mixtures thereof. Some suitable resins, 
such as epoxy resins, may be cured With an internal catalyst 
or activator so that When pumped doWn hole, they may be 
cured using only time and temperature. Other suitable resins, 
such as furan resins generally require a time-delayed catalyst 
or an external catalyst to help activate the polymerization of 
the resins if the cure temperature is loW (i.e., less than 2500 
E), but Will cure under the effect of time and temperature if 
the formation temperature is above about 2500 E, preferably 
above about 3000 F. It is Within the ability of one skilled in 
the art, With the bene?t of this disclosure, to select a suitable 
resin for use in embodiments of the present invention and to 
determine Whether a catalyst is required to trigger curing. 

[0048] In some embodiments, the consolidating agent 
comprises a resin and a solvent. Any solvent that is com 
patible With the resin and achieves the desired viscosity 
effect is suitable for use in the present invention. Preferred 
solvents include those listed above in connection With the 
nonaqueous tackifying compounds. It is Within the ability of 
one skilled in the art, With the bene?t of this disclosure, to 
determine Whether and hoW much solvent is needed to 
achieve a suitable viscosity. 

[0049] D. Gelable Compositions 

[0050] In some embodiments, the consolidating agents 
comprise a gelable composition. Gelable compositions suit 
able for use in the present invention include those compo 
sitions that cure to form a semi-solid, immovable, gel-like 
substance. The gelable composition may be any gelable 
liquid composition capable of converting into a gelled 
substance capable of substantially plugging the permeability 
of the formation While alloWing the formation to remain 
?exible. As referred to herein, the term “?exible” refers to a 
state Wherein the treated portion of the formation is rela 
tively malleable and elastic and able to Withstand substantial 
pressure cycling Without substantial breakdown of the for 
mation. Thus, the resultant gelled substance stabiliZes the 
treated portion of the formation While alloWing the forma 
tion to absorb the stresses created during pressure cycling. 
As a result, the gelled substance may aid in preventing 
breakdoWn of the formation both by stabiliZing and by 
adding ?exibility to the treated region. Examples of suitable 
gelable liquid compositions include, but are not limited to, 
(l) gelable resin compositions, (2) gelable aqueous silicate 
compositions, (3) crosslinkable aqueous polymer composi 
tions, and (4) polymeriZable organic monomer composi 
tions. 

[0051] l. Gelable Resin Compositions 

[0052] Certain embodiments of the gelable liquid compo 
sitions of the present invention comprise gelable resin 
compositions that cure to form ?exible gels. Unlike the 
curable resins described above, Which cure into hardened 
masses, the gelable resin compositions cure into ?exible, 
gelled substances that form resilient gelled substances. Gel 
able resin compositions alloW the treated portion of the 
formation to remain ?exible and to resist breakdoWn. Gen 
erally, the gelable resin compositions useful in accordance 
With this invention comprise a curable resin, a diluent, and 
a resin curing agent. When certain resin curing agents, such 
as polyamides, are used in the curable resin compositions, 
the compositions form the semi-solid, immovable, gelled 
substances described above. Where the resin curing agent 
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used may cause the organic resin compositions to form hard, 
brittle material rather than a desired gelled substance, the 
curable resin compositions may further comprise one or 
more “?exibiliZer additives” (described in more detail 
beloW) to provide ?exibility to the cured compositions. 

[0053] Examples of gelable resins that can be used in the 
present invention include, but are not limited to, organic 
resins such as polyepoxide resins (e.g., Bisphenol a-epichlo 
rihydrin resins), polyester resins, urea-aldehyde resins, furan 
resins, urethane resins, and mixtures thereof. Of these, 
polyepoxide resins are preferred. 

[0054] Any solvent that is compatible With the gelable 
resin and achieves the desired viscosity effect is suitable for 
use in the present invention. Examples of solvents that may 
be used in the gelable resin compositions of the present 
invention include, but are not limited to, phenols; formal 
dehydes; furfuryl alcohols; furfurals; alcohols; ethers such 
as butyl glycidyl ether and cresyl glycidyl etherphenyl 
glycidyl ether; and mixtures thereof. In some embodiments 
of the present invention, the solvent comprises butyl lactate. 
Among other things, the solvent acts to provide ?exibility to 
the cured composition. The solvent may be included in the 
gelable resin composition in an amount su?icient to provide 
the desired viscosity e?fect. 

[0055] Generally, any resin curing agent that may be used 
to cure an organic resin is suitable for use in the present 
invention. When the resin curing agent chosen is an amide 
or a polyamide, generally no ?exibiliZer additive Will be 
required because, inter alia, such curing agents cause the 
gelable resin composition to convert into a semi-solid, 
immovable, gelled substance. Other suitable resin curing 
agents (such as an amine, a polyamine, methylene dianiline, 
and other curing agents knoWn in the art) Will tend to cure 
into a hard, brittle material and Will thus bene?t from the 
addition of a ?exibiliZer additive. Generally, the resin curing 
agent used is included in the gelable resin composition, 
Whether a ?exibiliZer additive is included or not, in an 
amount in the range of from about 5% to about 75% by 
Weight of the curable resin. In some embodiments of the 
present invention, the resin curing agent used is included in 
the gelable resin composition in an amount in the range of 
from about 20% to about 75% by Weight of the curable resin. 

[0056] As noted above, ?exibiliZer additives may be used, 
inter alia, to provide ?exibility to the gelled substances 
formed from the curable resin compositions. FlexibiliZer 
additives may be used Where the resin curing agent chosen 
Would cause the gelable resin composition to cure into a hard 
and brittle materialirather than a desired gelled substance. 
For example, ?exibiliZer additives may be used Where the 
resin curing agent chosen is not an amide or polyamide. 
Examples of suitable ?exibiliZer additives include, but are 
not limited to, an organic ester, an oxygenated organic 
solvent, an aromatic solvent, and combinations thereof. Of 
these, ethers, such as dibutyl phthalate, are preferred. Where 
used, the ?exibiliZer additive may be included in the gelable 
resin composition in an amount in the range of from about 
5% to about 80% by Weight of the gelable resin. In some 
embodiments of the present invention, the ?exibiliZer addi 
tive may be included in the curable resin composition in an 
amount in the range of from about 20% to about 45% by 
Weight of the curable resin. 
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[0057] 2. Gelable Aqueous Silicate Compositions 

[0058] In some embodiments, the consolidating agents of 
the present invention may comprise a gelable aqueous 
silicate composition. Generally, the gelable aqueous silicate 
compositions that are useful in accordance With the present 
invention generally comprise an aqueous alkali metal sili 
cate solution and a temperature activated catalyst for gelling 
the aqueous alkali metal silicate solution. 

[0059] The aqueous alkali metal silicate solution compo 
nent of the gelable aqueous silicate compositions generally 
comprise an aqueous liquid and an alkali metal silicate. The 
aqueous liquid component of the aqueous alkali metal 
silicate solution generally may be fresh Water, salt Water 
(e.g., Water containing one or more salts dissolved therein), 
brine (e.g., saturated salt Water), seaWater, or any other 
aqueous liquid that does not adversely react With the other 
components used in accordance With this invention or With 
the subterranean formation. Examples of suitable alkali 
metal silicates include, but are not limited to, one or more of 
sodium silicate, potassium silicate, lithium silicate, rubidium 
silicate, or cesium silicate. Of these, sodium silicate is 
preferred. While sodium silicate exists in many forms, the 
sodium silicate used in the aqueous alkali metal silicate 
solution preferably has a NazO-to-SiO2 Weight ratio in the 
range of from about 1:2 to about 1:4. Most preferably, the 
sodium silicate used has a NaZO-to-SiO2 Weight ratio in the 
range of about 1132. Generally, the alkali metal silicate is 
present in the aqueous alkali metal silicate solution compo 
nent in an amount in the range of from about 0.1% to about 
10% by Weight of the aqueous alkali metal silicate solution 
component. 

[0060] The temperature-activated catalyst component of 
the gelable aqueous silicate compositions is used, inter alia, 
to convert the gelable aqueous silicate compositions into the 
desired semi-solid, immovable, gelled substance described 
above. Selection of a temperature-activated catalyst is 
related, at least in part, to the temperature of the subterra 
nean formation to Which the gelable aqueous silicate com 
position Will be introduced. The temperature-activated cata 
lysts that can be used in the gelable aqueous silicate 
compositions of the present invention include, but are not 
limited to, ammonium sulfate (Which is most suitable in the 
range of from about 60° F. to about 240° F); sodium acid 
pyrophosphate (Which is most suitable in the range of from 
about 60° F. to about 2400 E); citric acid (Which is most 
suitable in the range of from about 60° F. to about 1200 E); 
and ethyl acetate (Which is most suitable in the range of from 
about 60° F. to about 120° F). Generally, the temperature 
activated catalyst is present in the gelable aqueous silicate 
composition in the range of from about 0.1% to about 5% by 
Weight of the gelable aqueous silicate composition. 

[0061] 3. Crosslinkable Aqueous Polymer Compositions 

[0062] In other embodiments, the consolidating agent of 
the present invention comprises a crosslinkable aqueous 
polymer compositions. Generally, suitable crosslinkable 
aqueous polymer compositions comprise an aqueous sol 
vent, a crosslinkable polymer, and a crosslinking agent. 
Such compositions are similar to those used to form gelled 
treatment ?uids, such as fracturing ?uids, but, according to 
the methods of the present invention, they are not exposed 
to breakers or de-linkers and so they retain their viscous 
nature over time. 
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[0063] The aqueous solvent may be any aqueous solvent 
in Which the crosslinkable composition and the crosslinking 
agent may be dissolved, mixed, suspended, or dispersed 
therein to facilitate gel formation. For example, the aqueous 
solvent used may be fresh Water, salt Water, brine, seaWater, 
or any other aqueous liquid that does not adversely react 
With the other components used in accordance With this 
invention or With the subterranean formation. 

[0064] Examples of crosslinkable polymers that can be 
used in the crosslinkable aqueous polymer compositions 
include, but are not limited to, carboxylate-containing poly 
mers and acrylamide-containing polymers. Preferred acry 
lamide-containing polymers include polyacrylamide, par 
tially hydrolyZed polyacrylamide, copolymers of acrylamide 
and acrylate, and carboxylate-containing terpolymers and 
tetrapolymers of acrylate. Additional examples of suitable 
crosslinkable polymers include hydratable polymers com 
prising polysaccharides and derivatives thereof and that 
contain one or more of the monosaccharide units galactose, 
mannose, glucoside, glucose, xylose, arabinose, fructose, 
glucuronic acid, or pyranosyl sulfate. Suitable natural 
hydratable polymers include, but are not limited to, guar 
gum, locust bean gum, tara, konjak, tamarind, starch, cel 
lulose, karaya, xanthan, tragacanth, and carrageenan, and 
derivatives of all of the above. Suitable hydratable synthetic 
polymers and copolymers that may be used in the crosslink 
able aqueous polymer compositions include, but are not 
limited to, polyacrylates, polymethacrylates, polyacryla 
mides, maleic anhydride, methylvinyl ether polymers, poly 
vinyl alcohols, and polyvinylpyrrolidone. The crosslinkable 
polymer used should be included in the crosslinkable aque 
ous polymer composition in an amount suf?cient to form the 
desired gelled substance in the subterranean formation. In 
some embodiments of the present invention, the crosslink 
able polymer is included in the crosslinkable aqueous poly 
mer composition in an amount in the range of from about 1% 
to about 30% by Weight of the aqueous solvent. In another 
embodiment of the present invention, the crosslinkable 
polymer is included in the crosslinkable aqueous polymer 
composition in an amount in the range of from about 1% to 
about 20% by Weight of the aqueous solvent. 

[0065] The crosslinkable aqueous polymer compositions 
of the present invention further comprise a crosslinking 
agent for crosslinking the crosslinkable polymers to form the 
desired gelled substance. In some embodiments, the 
crosslinking agent is a molecule or complex containing a 
reactive transition metal cation. A most preferred crosslink 
ing agent comprises trivalent chromium cations complexed 
or bonded to anions, atomic oxygen, or Water. Examples of 
suitable crosslinking agents include, but are not limited to, 
compounds or complexes containing chromic acetate and/or 
chromic chloride. Other suitable transition metal cations 
include chromium VI Within a redox system, aluminum III, 
iron II, iron III, and Zirconium IV. 

[0066] The crosslinking agent should be present in the 
crosslinkable aqueous polymer compositions of the present 
invention in an amount sufficient to provide, inter alia, the 
desired degree of crosslinking. In some embodiments of the 
present invention, the crosslinking agent is present in the 
crosslinkable aqueous polymer compositions of the present 
invention in an amount in the range of from about 0.01% to 
about 5% by Weight of the crosslinkable aqueous polymer 
composition. The exact type and amount of crosslinking 
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agent or agents used depends upon the speci?c crosslinkable 
polymer to be crosslinked, formation temperature condi 
tions, and other factors knoWn to those individuals skilled in 
the art. 

[0067] Optionally, the crosslinkable aqueous polymer 
compositions may further comprise a crosslinking delaying 
agent, such as a polysaccharide crosslinking delaying agent 
derived from guar, guar derivatives, or cellulose derivatives. 
The crosslinking delaying agent may be included in the 
crosslinkable aqueous polymer compositions, inter alia, to 
delay crosslinking of the crosslinkable aqueous polymer 
compositions until desired. One of ordinary skill in the art, 
With the bene?t of this disclosure, Will knoW the appropriate 
amount of the crosslinking delaying agent to include in the 
crosslinkable aqueous polymer compositions for a desired 
application. 

[0068] 4. Polymerization Organic Monomer Composi 
tions 

[0069] In other embodiments, the gelled liquid composi 
tions of the present invention comprise polymerizable 
organic monomer compositions. Generally, suitable poly 
merizable organic monomer compositions comprise an 
aqueous-base ?uid, a Water-soluble polymerizable organic 
monomer, an oxygen scavenger, and a primary initiator. 

[0070] The aqueous-based ?uid component of the poly 
merizable organic monomer composition generally may be 
fresh Water, saltwater, brine, seawater, or any other aqueous 
liquid that does not adversely react With the other compo 
nents used in accordance With this invention or With the 
subterranean formation. 

[0071] A variety of monomers are suitable for use as the 
Water-soluble polymerizable organic monomers in the 
present invention. Examples of suitable monomers include, 
but are not limited to, acrylic acid, methacrylic acid, acry 
lamide, methacrylamide, 2-methacrylamido-2-methylpro 
pane sulfonic acid, 2-dimethylacrylamide, vinyl sulfonic 
acid, N,N-dimethylaminoethylmethacrylate, 2-triethylam 
moniumethylmethacrylate chloride, N,N-dimethyl-amino 
propylmethacryl-amide, methacrylamidepropyltriethy 
lammonium chloride, N-vinyl pyrrolidone, vinyl 
phosphonic acid, and methacryloyloxyethyl 
trimethylammonium sulfate, and mixtures thereof. Prefer 
ably, the Water-soluble polymerizable organic monomer 
should be self-crosslinking. Examples of suitable monomers 
Which are self crosslinking include, but are not limited to, 
hydroxyethylacrylate, hydroxymethylacrylate, hydroxyeth 
ylmethacrylate, N-hydroxymethylacrylamide, N-hydroxym 
ethyl-methacrylamide, polyethylene glycol acrylate, poly 
ethylene glycol methacrylate, polypropylene glycol acrylate, 
polypropylene glycol methacrylate, and mixtures thereof. Of 
these, hydroxyethylacrylate is preferred. An example of a 
particularly preferable monomer is hydroxyethylcellulose 
vinyl phosphoric acid. 

[0072] The Water-soluble polymerizable organic monomer 
(or monomers Where a mixture thereof is used) should be 
included in the polymerizable organic monomer composi 
tion in an amount su?icient to form the desired gelled 
substance after placement of the polymerizable organic 
monomer composition into the subterranean formation. In 
some embodiments of the present invention, the Water 
soluble polymerizable organic monomer is included in the 
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polymerizable organic monomer composition in an amount 
in the range of from about 1% to about 30% by Weight of the 
aqueous-base ?uid. In another embodiment of the present 
invention, the Water-soluble polymerizable organic mono 
mer is included in the polymerizable organic monomer 
composition in an amount in the range of from about 1% to 
about 20% by Weight of the aqueous-base ?uid. 

[0073] The presence of oxygen in the polymerizable 
organic monomer composition may inhibit the polymeriza 
tion process of the Water-soluble polymerizable organic 
monomer or monomers. Therefore, an oxygen scavenger, 

such as stannous chloride, may be included in the polymer 
izable monomer composition. In order to improve the solu 
bility of stannous chloride so that it may be readily com 
bined With the polymerizable organic monomer composition 
on the ?y, the stannous chloride may be pre-dissolved in a 
hydrochloric acid solution. For example, the stannous chlo 
ride may be dissolved in a 0.1% by Weight aqueous hydro 
chloric acid solution in an amount of about 10% by Weight 
of the resulting solution. The resulting stannous chloride 
hydrochloric acid solution may be included in the polymer 
izable organic monomer composition in an amount in the 
range of from about 0.1% to about 10% by Weight of the 
polymerizable organic monomer composition. Generally, 
the stannous chloride may be included in the polymerizable 
organic monomer composition of the present invention in an 
amount in the range of from about 0.005% to about 0.1% by 
Weight of the polymerizable organic monomer composition. 

[0074] The primary initiator is used, inter alia, to initiate 
polymerization of the Water-soluble polymerizable organic 
monomer(s) used in the present invention. Any compound or 
compounds that form free radicals in aqueous solution may 
be used as the primary initiator. The free radicals act, inter 
alia, to initiate polymerization of the Water-soluble polymer 
izable organic monomer present in the polymerizable 
organic monomer composition. Compounds suitable for use 
as the primary initiator include, but are not limited to, alkali 
metal persulfates; peroxides; oxidation-reduction systems 
employing reducing agents, such as sul?tes in combination 
With oxidizers; and azo polymerization initiators. Preferred 
azo polymerization initiators include 2,2'-azobis(2-imida 
zole-2-hydroxyethyl) propane, 2,2'-azobis(2-aminopro 
pane), 4,4'-azobis(4-cyanovaleric acid), and 2,2'-azobis(2 
methyl-N-(2-hydroxyethyl) propionamide. Generally, the 
primary initiator should be present in the polymerizable 
organic monomer composition in an amount su?icient to 
initiate polymerization of the Water-soluble polymerizable 
organic monomer(s). In certain embodiments of the present 
invention, the primary initiator is present in the polymeriz 
able organic monomer composition in an amount in the 
range of from about 0.1% to about 5% by Weight of the 
Water-soluble polymerizable organic monomer(s). One 
skilled in the art Will recognize that as the polymerization 
temperature increases, the required level of activator 
decreases. 

[0075] Optionally, the polymerizable organic monomer 
compositions further may comprise a secondary initiator. A 
secondary initiator may be used, for example, Where the 
immature aqueous gel is placed into a subterranean forma 
tion that is relatively cool as compared to the surface mixing, 
such as When placed beloW the mud line in offshore opera 
tions. The secondary initiator may be any suitable Water 
soluble compound or compounds that may react With the 
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primary initiator to provide free radicals at a lower tempera 
ture. An example of a suitable secondary initiator is trietha 
nolamine. In some embodiments of the present invention, 
the secondary initiator is present in the polymeriZable 
organic monomer composition in an amount in the range of 
from about 0.1% to about 5% by Weight of the Water-soluble 
polymeriZable organic monomer(s). 
[0076] Also optionally, the polymeriZable organic mono 
mer compositions of the present invention further may 
comprise a crosslinking agent for crosslinking the polymer 
iZable organic monomer compositions in the desired gelled 
substance. In some embodiments, the crosslinking agent is a 
molecule or complex containing a reactive transition metal 
cation. A most preferred crosslinking agent comprises triva 
lent chromium cations complexed or bonded to anions, 
atomic oxygen, or Water. Examples of suitable crosslinking 
agents include, but are not limited to, compounds or com 
plexes containing chromic acetate and/or chromic chloride. 
Other suitable transition metal cations include chromium VI 
Within a redox system, aluminum III, iron II, iron III, and 
Zirconium IV. Generally, the crosslinking agent may be 
present in polymeriZable organic monomer compositions in 
an amount in the range of from 0.01% to about 5% by Weight 
of the polymeriZable organic monomer composition. 

[0077] To facilitate a better understanding of the present 
invention, the folloWing example of certain aspects of some 
embodiments are given. In no Way should the folloWing 
example be read to limit, or de?ne, the scope of the 
invention. 

EXAMPLE 

[0078] 1 gram of coal particulates Was added to a scintil 
lation vial. Next, 9 mL of Water Were added folloWed by 0.1 
mL of a polyacrylate ester, available from Halliburton 
Energy Services, Inc,. Duncan, Okla. This sample Was 
manually agitated for about 1 minute. Then, 0.5 mL of a 
chemical activator (acetic anhydride/acetic acid) Was added 
using a syringe With gentle agitation of the sample. After 
about 1 minute, the liquid Was decanted and the treated coal 
Was Washed in 10 mL of Water. Next, the treated coal Was 
transferred to a clean vial and 10 mL of Water Were added. 
Finally, the treated coal together With untreated coal par 
ticulates Were sonicated for 45 minutes. The treated coal did 
not produce any visible ?nes. 

[0079] Therefore, as illustrated by this example, consoli 
dating agents may be used in conjunction With sonication 
(e.g., vibrational Waves) to stabiliZe particulates. 

[0080] Therefore, the present invention is Well adapted to 
attain the ends and advantages mentioned as Well as those 
that are inherent therein. The particular embodiments dis 
closed above are illustrative only, as the present invention 
may be modi?ed and practiced in different but equivalent 
manners apparent to those skilled in the art having the 
bene?t of the teachings herein. Furthermore, no limitations 
are intended to the details of construction or design herein 
shoWn, other than as described in the claims beloW. It is 
therefore evident that the particular illustrative embodiments 
disclosed above may be altered or modi?ed and all such 
variations are considered Within the scope and spirit of the 
present invention. In particular, every range of values (of the 
form, “from about a to about b,” or, equivalently, “from 
approximately a to b,” or, equivalently, “from approximately 
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a-b”) disclosed herein is to be understood as referring to the 
poWer set (the set of all subsets) of the respective range of 
values, and set forth every range encompassed Within the 
broader range of values. Also, the terms in the claims have 
their plain, ordinary meaning unless otherWise explicitly and 
clearly de?ned by the patentee. 

What is claimed is: 
1. A method comprising: 

directing vibrational Waves at a portion of a subterranean 
formation containing ?nes; 

alloWing the vibrational Waves to displace at least a 
portion of the ?nes; and 

introducing a consolidating agent into the portion of the 
subterranean formation through a Well bore that pen 
etrates the portion of the subterranean formation. 

2. The method of claim 1 Wherein the ?nes contained in 
the portion of the subterranean formation impede the ?oW of 
?uid through the portion of the subterranean formation. 

3. The method of claim 1 further comprising the step of: 

generating the vibrational Waves utiliZing an acoustic 
stimulation tool. 

4. The method of claim 1 Wherein the vibrational Waves 
are transferred to the portion of the subterranean formation 
through a ?uid in the Well bore. 

5. The method of claim 4 Wherein the ?uid is the con 
solidating agent. 

6. The method of claim 1 further comprising the step of: 

applying a pressure pulse to a ?uid that is being intro 
duced into the portion of the subterranean formation so 
as to generate the vibrational Wave. 

7. The method of claim 6 Wherein the pressure pulse is 
applied at a frequency in the range of from about 0.001 HZ 
to about 1 HZ. 

8. The method of claim 6 Wherein the pressure pulse 
applied to the ?uid generates a pressure pulse in the portion 
of the subterranean formation in the range of from about 10 
psi to about 3,000 psi. 

9. The method of claim 6 Wherein the pressure pulse is 
applied to the ?uid at the surface or in the Well bore. 

10. The method of claim 1 further comprising the step of: 

?oWing a ?uid through a ?uidic oscillator so as to 
generate the vibrational Waves. 

11. The method of claim 1 Wherein the portion of the 
subterranean formation comprises at least one member 
selected from the group consisting of a proppant pack, a 
gravel pack, a liner, a sand control screen, and combinations 
thereof. 

12. The method of claim 1 Wherein the step of introducing 
the consolidating agent into the portion of the subterranean 
formation occurs during or after the step of the directing 
vibrational Waves. 

13. The method of claim 1 Wherein the consolidating 
agent comprises at least one member selected from the 
group consisting of a non-aqueous tackifying agent, an 
aqueous tackifying agent, a resin, a gelable composition, and 
combinations thereof. 

14. The method of claim 13 Wherein the consolidating 
agent further comprises a solvent. 

15. The method of claim 1 Wherein the consolidating 
agent comprises a solvent and a non-aqueous tackifying 
agent selected from the group consisting of: a polyamide, a 



US 2006/0131012 A1 

condensation reaction product of polyacids and a polyamine, 
a polyester; a polycarbonate, a polycarbamate, a natural 
resin, and combinations thereof. 

16. The method of claim 1 Wherein the consolidating 
agent comprises a solvent, a non-aqueous tackifying agent, 
and a multifunctional material. 

17. The method of claim 1 Wherein the consolidating 
agent comprises a solvent and an aqueous tackifying agent. 

18. The method of claim 1 Wherein the consolidating 
agent comprises a solvent and an aqueous tackifying agent 
selected from the group consisting of: an acrylic acid 
polymer, an acrylic acid ester polymer, an acrylic acid 
derivative polymer, an acrylic acid homopolymer, an acrylic 
acid ester homopolymer, an acrylic acid ester co-polymers, 
a methacrylic acid derivative polymers, a methacrylic acid 
homopolymers, a methacrylic acid ester homopolymers, an 
acrylamido-methyl-propane sulfonate polymer, an acryla 
mido-methyl-propane sulfonate derivative polymer, an acry 
lamido-methyl-propane sulfonate co-polymer, an acrylic 
acid/acrylamido-methyl-propane sulfonate co-polymer, and 
combinations thereof. 

19. The method of claim 1 Wherein the consolidating 
agent comprises a solvent and an aqueous tackifying agent 
comprising a polyacrylate ester. 

20. The method of claim 1 Wherein the consolidating 
agent comprises a solvent, an aqueous tackifying agent, and 
an activator. 

21. The method of claim 1 Wherein the consolidating 
agent comprises a resin and a solvent. 

22. The method of claim 1 Wherein the consolidating 
agent comprises a solvent and a resin selected from the 
group consisting of: a tWo component epoxy based resin, a 
novolak resin, a polyepoxide resin, a phenol-aldehyde resin, 
a urea-aldehyde resin, a urethane resin, a phenolic resin, a 
furan resin, a furan/furfuryl alcohol resin, a phenolic/latex 
resin, a phenol formaldehyde resin, a polyester resin, a 
hybrid of a polyester resin, a copolymer of a polyester resin, 
a polyurethane resin, a hybrids of a polyurethane resin, a 
copolymer of a polyurethane resin, an acrylate resin, and 
combinations thereof. 

23. The method of claim 1 Wherein the consolidating 
agent comprises a gelable composition selected from the 
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group consisting of: a gelable resin composition, a gelable 
aqueous silicate composition, a crosslinkable aqueous poly 
mer composition, and a polymeriZable organic monomer 
composition. 

24. A method of remediating a subterranean particulate 
pack comprising: 

directing vibrational Waves at the particulate pack, the 
particulate pack containing ?nes; 

alloWing the vibrational Waves to displace at least a 
portion of the ?nes; and 

introducing a consolidating agent into the Well bore so as 
to contact the particulate pack. 

25. The method of claim 24 Wherein the particulate pack 
is a gravel pack or a proppant pack. 

26. The method of claim 24 further comprising the step of: 

generating the vibrational Waves utiliZing an acoustic 
stimulation tool. 

27. The method of claim 24 further comprising the step of: 

applying a pressure pulse to a ?uid that is being intro 
duced into the portion of the subterranean formation so 
as to generate the vibrational Wave. 

28. The method of claim 27 Wherein the ?uid is the 
consolidating agent. 

29. A method of remediating a subterranean formnation: 

generating vibrational Waves in a consolidating agent by 
?oWing the consolidating agent through a ?uidic oscil 
lator located in a Well bore that penetrates the subter 
ranean formation; 

introducing the consolidating agent into a portion of the 
subterranean formation that contains ?nes; and 

alloWing the vibrational Waves in the consolidating agent 
displace at least a portion of the ?nes so as to increase 
?uid ?oW through the portion of the subterranean 
formation. 


